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ABSTRACT 

The 2000 abundance of Pacific herring Clupeapallasi in the Kamishak Bay District of Lower Cook 
Inlet, Alaska, was forecast using an age-structured-analysis model. This model estimates values of 
age-specific maturity, fishery selectivity, and initial population abundances that minimize 
differences between predicted and observed run and catch age composition and run biomass 
estimates. For the first time, I did not use the recent five-year average to predict herring weight-at- 
age in 2000. Estimates of herring weight-at-age were instead based on a year-ahead projection of a 
linear trend line plotted through the weights-at-age fiom the previous 5 years. This approach was 
used with the expectation that the recent trend of reduced weights will continue. 

A biomass of 6,330 tons (5,742 tomes) of herring is expected to return to the Kamishak Bay 
District in 2000. Herring mean weight is predicted to be 16 1 g. The 1993 and 1994 year classes are 
forecast to represent 27.7% and 20.3% of the run biomass (23.2% and 18.8% of the population 
abundance) as age-7 and age-6 herring, respectively. Samples collected in mid-May 1999, during 
the late season herring return, suggested relatively strong recruitment fiom the 1996 year class, 
which should result in increased age-4 returns in 2000 (21.5% of the population abundance). 
However, due to the low overall biomass expected to return, the sac roe fishery will not open in 
2000. 

KEY WORDS: age-structured-analysis, Clupea pallasi, herring, forecast, Lower Cook Inlet, 
Kamishak, Shelikof Strait. 
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INTRODUCTION 

The Kamishak Bay Pacific herring Clupea pallasi stock supports a spring sac roe fishery in the 
Kamishak Bay District of the Lower Cook Inlet Management Area (Figure 1) and a fall food and 
bait fishery in Shelikof Strait of the Kodiak Management Area. Run biomass is defined as the 
segment of the herring population participating in the spring spawning migration and observed 
by aerial surveyors in Kamishak Bay. Herring observed from mid-April to June were considered 
recruited to the fishery and available to the sac roe fishing fleet even though fleet efficiency and 
harvest guidelines typically limit the fishery to one or a series of short openings in late-April 
(Bucher and Hammarstrom 1 999). 

Stock assessment information, such as total run age composition, commercial catch age 
composition, mean weight-at-age, and aerial survey indices of run biomass have been collected 
for the Kamishak Bay herring population since 19'38 (Otis et al. 1998). Similar to previous years, 
aerial surveys to monitor relative biomass, distribution, and spawning of the 1999 herring 
population began in mid-April. Daily biomass indices were derived from the number and size of 
observed herring schools. Run biomass indices for each year were either: (1) the sum of "peak" 
estimates from a time series of aerial observations if the surveyor believed observed herring 
resided in the surveyed area more than one day; (2) the sum of multiple surveys if the surveyor 
believed observed herring had not previously been counted, or (3) the sum of all surveys plus 
linearly interpolated estimates of biomass for days not surveyed. The thrd method was developed 
because adverse weather conditions during some years reduced the frequency with which aerial 
surveys could effectively be flown. Because herring migration to and from the spawning grounds 
is likely a continuous process, and water clarity in Kamishak Bay is consistently poor, aerial 
survey results were considered to be conservative and were used primarily as indices of relative 
abundance. 

Run estimates have historically been derived from the preseason forecast or from run timing 
proportions. The exponential decay models used until 1993 depended on the prior year escapement 
estimates, calculated as the estimated total run minus the harvested biomass. However, escapement 
estimates derived from preseason forecasts are not appropriate as input data for exponential decay 
models, and run biomass estimates based on run timing proportions have not gained universal 
acceptance. Thus, age-structured analysis (ASA) was adopted as the forecast method for Kamishak 
Bay herring because it relied more on multiple years of data to back-calculate estimates of age-3 
herring and was less dependent on annual aerial survey estimates of run biomass (Yuen et. al. 1994; 
Yuen and Brannian 1994; Otis et al. 1998). 

ASA minimized differences between predicted and observed age composition as well as total run 
biomass. Because the conversion of herring school surface area to biomass was undocumented for 
Karnishak Bay prior to 1990, only surveys occurring after 1989 were included in the model (Otis 
and Bechtol 1999). To forecast the 2000 return, the predicted run biomass was scaled to aerial 



survey estimates of run biomass fiom 1990, 1992, and 1999 because they had the best overall aerial 
survey condition ratings since 1990. This approach is intended to remove much of the bias in 
abundance estimates by excluding aerial survey estimates made during years having poor weather 
or inadequate geographic and temporal coverage (Otis et al. 1998). The qualitative exclusion of 
some survey years occasionally ignores years, such as 1995, when a large biomass was observed but 
the temporal coverage for the season was restricted. In developing the 2000 forecast I attempted to 
examine model sensitivity by varying the emphasis placed on survey years, including 1992, which 
had poor temporal coverage but involved calibrated estimates under reasonable survey conditions. 

Specific objectives of this report are to (1) document data sources and methodology used for the 
2000 forecast, (2) formally present the 2000 forecast, and (3) through application of the Karnishak 
Bay Herring Management Plan (5 AAC 27.465), propose a harvest guideline for the 2000 
commercial fishing season. 

The Karnishak Ray District is defined in state regulation 5 AAC 2 1.200 as all waters enclosed by a 
line from 59O46.13' N. lat., 153°00.707 W. long., then east to 59'46.14' N. lat., 152°20.00' W. 
long., then south to 59'03.42' N. lat., 152°20.007 W. long., then southwesterly to Cape Douglas at 
58"51.107 N. lat. For management purposes, herring fishing is restricted to seven areas within the 
territorial seas (Figure 1). The Karnishak District is typically a foul weather area with tidal 
fluctuations in excess of 8 meters and marine habitat typified by shallow rocky reefs separated by 
muddy, silty substrate. Several glaciers on the shores surrounding the Karnishak District introduce 
glacial silt into the marine environment. This glacial silt, in combination with typically poor 
weather, complicates both aerial survey assessment and the commercial herring fishery. 

Management strategies and fishing patterns for sac roe herring in the Kamishak Bay District have 
been relatively consistent since 1990. Purse seine fishing generally occurred in nearshore waters 
at the southern end of the district between the Douglas River mouth and Contact Point at the 
mouth of Bruin Bay. Although protection from the weather is severely limited, Nordyke Island 
serves as one of very few suitable anchorages in the Kamishak District. Of the 73 limited entry 
permits issued for herring in Lower Cook Inlet, approximately 90 to 95 percent of the permit 
holders participate in the Kamishak fishery in a typical year. Fishing effort is often focused 
immediately south or west of Nordyke Island, centrally located in Area 5 (Figure 1). Depending 
on fish distribution, the entire fleet may fish in an area of 1.3-2.6 krn2. Fish value generally 
depends upon roe content as a percent of body weight. Because the mature fish with the highest 
roe content were often found in close proximity to the beach, purse seining frequently occurs in 
intertidal areas 1 - 12 m deep. 



METHODS 

Database 

Kamishak herring harvest abundance by age, commercial catch and total run age compositions, and 
mean weights through 1998 were forwarded from last year's final ASA model (Otis, unpublished 
data). Because no commercial fishery occurred in 1999, this year's catch data inputs to the model 
consisted of ADF&G cost recovery harvests only. Beginning with the 1997 forecast, revisions were 
made to the total run age composition data used in the model (Appendix B). In most years, the age 
composition shifts from older to younger fish as the spawning season progresses (Yuen 1994, Otis 
et al. 1998). Therefore, I only included data from years where late season (i.e., May) samples were 
included in the total run age composition data set- 1986, 1988, 1990, and 1996- 1999. Total run age 
composition data from 1987, 1989, 1992, 1994, and 1995 were dropped fiom the model because 
they were comprised of samples collected only in April. The years 1991 and 1993 were also 
removed from the model because they were, in part, derived, and not estimated solely from catch 
samples. 

During herring aerial surveys, observers estimated the surface area of herring schools present on the 
spawning grounds. Since 1990, surface areas have been converted to biomass estimates based on 
results of Togiak Bay calibration samples in which estimated herring schools were captured by 
purse seines (Lebida and Whitmore 1985; Otis and Bechtol 1999). Aerial survey conditions in 
1999, particularly through mid-May, were generally much better than during the previous 6 years 
(Table 1). However, inclement weather prevented aerial surveys from 20-25 May, 27 May to 1 
June, and 3- 10 June. 

Age-Structured-Mo 

In our conceptual model of the annual cycle of events affecting the Kamishak Bay herring stock 
(Figure 2), ages increment at the end of winter to coincide with the approximate time of annulus 
forrnation. The population model begins accounting for herring at age 3, the age when Kamishak 
Bay herring first begin to appear in the purse seine sac-roe fishery. Although age-1 and -2 
herring occasionally have been captured with a trawl on the spawning grounds in April, these fish 
rarely appear in the commercial harvest and are not considered recruited into the fishery. Prior to 
spring, the conceptual model splits the "total" herring population into two components: an 
"immature" portion that does not return to spawn or does not otherwise recruit to the fishery, and 
a "run" biomass that returns to spawn. Deducting removals by the purse seine sac roe fishery 
from the "run" biomass leaves the "escapement" biomass that actually spawns. In this conceptual 
model, harvests by the Shelikof Strait fall food and bait fishery are not specifically identified, but 
are reflected in the survival rate estimate. Shelikof Strait's fall food and bait fishery must be 
considered in Kamishak Bay's herring assessment because the stocks appear to intermix for 



much of the year in eastern Shelikof Strait (Johnson et al. 1988). The removals in the food and 
bait fishery could be explicitly made using that fishery's catch sampling data. However, because 
selectivity in Shelikof Strait may be highly variable and these harvests occur on mixed stocks, 
further evaluation is needed to determine if Shelikof fishery data will provide useful "tuning" 
information for Kamishak ASA models. 

The Kamishak Bay ASA model incorporates auxiliary information, similar to models developed 
by Deriso et al. (1985). Nonlinear least squares techniques are used to minimize a sum of 
squares constructed with heterogeneous auxiliary data from a variety of sources. The ASA was 
developed in a computer spreadsheet containing a nonlinear optimization function that minimizes 
sums of squares values. ASA models that incorporate heterogeneous data have been reviewed by 
Hilborn and Walters (1 992) and Megrey (1 989). 

Whereas our primary goal was to generate a one-year-ahead forecast of herring abundance for 
2000, the model also updated estimates of maturity and historical abundance for 1979-1999, and 
also the fishery selectivity curve for the purse seine fishery. New information supplied to the 
ASA model included 1999 estimates of the cost recovery harvest abundance by age (Appendix 
A), age composition of the run biomass (Appendix B), weight-at-age (Appendix C), and the 
aerial survey run biomass (Appendix D). Final values of fishery selectivity, a maturity curve, and 
the number of age-3 herring for each cohort from the 1999 forecast (Otis, unpublished data) were 
used as initial parameter values for the 2000 forecast. The 2000 mean weight-at-age was not 
estimated as the five-year mean weight for the previous 5 years, as had been done in previous 
forecasts. Instead, a linear trend line was plotted through the previous five year's weights-at-age 
and projected one year ahead to estimate the 2000 weights-at-age. This method was used with 
the assumption that the current 5-year trend of decreasing herring weights will continue into next 
year. The abundance of age-3 herring in 2000 was estimated as the median of hindcasted age-3 
abundance estimates since 1978. 

Because a limited and discontinuous time series of total run age composition data are available to 
the model, I don't believe sufficient age-composition data were available for the model to 
estimate survival (S). Accordingly, I fixed S at 0.67 (equivalent to an instantaneous rate of 
natural mortality [MI of 0.4). As the time series of total run age-composition data continues to 
expand, I will reevaluate the ability of the model to estimate S. 

Mode1 Assumptions 

The following assumptions are incorporated into the model: 

1. Purse seine fishery selectivity for all years can be described by a logistic function whose 
shape is determined by two parameters estimated by the model. 

2. The availability of herring to the gear used to sample the spawning populations in all years 
can be described by a logistic hnction whose shape is determined by two parameters 
estimated by the model. 



3. Cohorts older than age 12 are a minor component of the population and can be pooled and 
adequately represented by a single age class, age 13+. 

4. All age classes, from age 3 to 13+, are present in the forecast population. 
5. The proportion of herring dying fi-om causes other than the commercial sac roe fishery is 

constant among years and cohorts. 
6. Maturity-at-age is assumed to be constant among years. 
7. Measurement errors in each of the three data sources are independent. 
8. The model is correctly specified with respect to the amount and type of available data such 

that parameter estimates are not correlated and differences between model estimates and 
observed values are caused by measurement error, not errors in correctly specifying 
mathematical forms of the underlying processes. 

9. Simultaneously minimizing the squared measurement errors from all three data sources 
provides the best estimate of the true parameter values when all catch age compositions and 
survey age compositions are arc sine transformed and error terms are scaled and weighted. 

Assumptions 1-2 control the type and degree of curvature in relationships among model values. 
Assumptions 3-4 are required for assumption 8 to hold. Assumption 9 is the basis for the ASA 
model. The ASA model fits a variety of data measured in different units and of varying utility in 
identifying true parameter values. Unlike least squares linear regression, there is not a rigid 
statistical theory underlying the parameter estimation procedure in the ASA model. The rationale 
for assumption 8 is that the best estimates of the model parameters should provide a reasonable fit 
to all available data. In some cases, observed data are transformed to achieve symmetric and 
approximately normal error distributions, although the robustness of the parameter estimates to 
departures fi-om normality is unknown (Funk 1994). 

Our ASA model used a reduction equation to describe the number of herring (N) in a cohort aged a 
in year y: 

where S is the annual survival rate, fixed at 0.67, which corresponds to an instantaneous natural 
mortality rate of 0.4, and C,, is the catch-at-age from the spring purse seine sac roe fishery. The 
annual survival rate of 0.67 was chosen for 3 reasons: (1) age structured analyses using a lengthy 
time series of Prince William Sound herring data indicate 0.67 is an average survivability rate for 
North Gulf of Alaska herring; (2) 0.67 is well within the published survivability range; and (3) 0.67 
is a relatively conservative estimate of survivability (Funk and Sandone 1990; Funk 1994; Williams 
and Quinn 1997). The number of herring in a cohort (N) was defined as the total spring population 
after annulus formation and includes both the mature and immature herring present before the 



spawning migration and spring fishery occurs (Figure 2). The model starts accounting for herring at 
age 3 and ends by grouping all herring age 13 and older as age 13+. 

Selectivity Functions 

Fishery Selectivity. The age composition of the purse seine commercial catch for each year, f?,,,' 
was estimated from a model incorporating an age-specific fishery selectivity function, s, , and the 
estimated cohort abundance, N,, , from equation (1): 

For our model, fishery selectivity was defined as the proportion of the total population susceptible 
to capture by the commercial fishery and included the effect of immature herring not being present 
on the fishing grounds (partial recruitment or maturity), as well as active selection or avoidance of 
certain herring size classes during the fishery or sample collection (Schroeder 1989; Yuen 1994). 
Functions to describe the relationship between fishery selectivity and age were limited to two 
parameters because (1) it was desirable to minimize the number of parameters estimated by the 
model and (2) two parameters were the fewest that could adequately describe the age-selectivity 
relationship. The choice of a particular functional form represented an assumption that limited the 
possible range of selectivity. Purse seine gear used in the commercial fishery was assumed to have 
an asymptotic selectivity represented by the logistic function: 

where a is the age at which selectivity is equal to 50%, and P is a steepness parameter. 

Maturity. The ASA model calculated a maturity curve to estimate the proportion of each age class 
that returned to spawn each year. This maturity function was used to compare abundance estimates 
from equation (1) with aerial survey biomass estimates and run biomass age compositions. 
Because maturity is expected to be an asymptotic function, a logistic expression was used: 



where z is the age at which 50% of a cohort reach maturity, and $ is a steepness parameter. The 
maturity-at-age relationship was assumed to be constant over the range of years examined by the 
model. 

SSQ Calculations 

SSQ Catch Age Composition. One measure of how well the ASA model fit actual data was 
obtained by comparing model age composition estimates for the commercial catch with actual 
estimates based on catch samples. The sum of squares, SSQ, measuring the goodness of fit of 
the age composition of the catch was computed as: 

where #a,y was the estimated age composition of the catch from equation (2). To stabilize the 
variance, the observed and estimated age compositions were transformed by taking the arc sine of 
the square root of the composition proportions. Commercial catch age compositions were fit across 
ages 3 to 13+ and years 1987 through 1999. 

SSQ Biomass Estimates. Another measure of ASA model fit was obtained by comparing model 
estimates of biomass with aerial survey estimates of biomass. The sum of squares measuring the 
goodness of fit of the model's biomass estimates was based on the differences between ASA and 
aerial survey estimates of run biomass: 

survey where B, is the aerial survey biomass estimate in year y, w,, is the weight at age a in year y 
(Appendix C), pa is the proportion of age a fish that are mature and are available to our survey 
(equation 3, N , ,  is the ASA estimate of total abundance at age a in year y (equation I), and yl and 
y, are the first and last of an array of years included in a model variation. I used a log 
transformation in our model because a lognormal error structure is commonly found when dealing 
with abundance data. Though there were too few abundance estimates to evaluate the 
appropriateness of the log transformation in equation (6), fits with and without log transformation 
indicate ASA models are not sensitive to this assumption (Funk et al. 1992). 



SSQ Run Age Composifion. In addition to the time series of catch-by-age, a time series of age 
composition estimates of the run biomass are available for 1986- 1990, 1992, and 1994- 1999 
(Appendix B). However, during 7 of the past 14 years, age composition samples were only 
collected prior to and during the commercial fishery, which is generally prosecuted early in the run 
(i.e., late-April). During the years when late-run (i.e., May) samples were collected (1986, 1988, 
1990, and 1996- 1999), it was apparent that April's samples alone under-represented the true 
composition of age-3 and -4 herring for the total run (Yuen 1994; Otis et al. 1998). Therefore, I . 

reinstated late season age composition sampling in 1996 and adjusted the Observed Total Run Age 
Composition (OTRAC) component of the model to incorporate only those years that included May 
samples. I believe this time series of age-composition data best represented the entire run biomass. 

A measure of how well the ASA model fit actual data was obtained by comparing age compositions 
estimated by the model with compositions based on samples. The sum of squares measuring the 
goodness of fit of the age composition of the run biomass was computed as: 

run where is the observed total run age composition estimated for age a and year y. Arc sine 
square root transformation was applied to observed and estimated age composition proportions to 
stabilize their variance. Only samples from the years 1986, 1988, 1990, and 1996- 1999 were used 
in the SSQ of equation 7. 

Aerial Surveys 

The ASA model minimizes the sums of squares between ASA and aerial survey estimates of run 
biomass. The ability of aerial surveyors to estimate annual run biomass varied with survey 
conditions (e.g., water turbidity, tidal stage), and spatial and temporal coverage. A qualitative 
rating of geographic and temporal coverage was applied to aerial surveys for the years 1985-1989 
(e.g., good, fair, poor). A quantitative method for rating survey effort and survey conditions was 
adopted in 1990 (Table 1). Aerial survey biomass estimates from the years 1985 to 1989 were not 
well documented and were not used in the forecast model. Beginning in 1990, aerial surveyors 
standardized their methods to convert herring school surface areas to estimates of biomass (Lebida 
and Whitmore 1985; Otis and Bechtol 1999). Adoption of these standards, as well as the 
quantitative method for rating survey effort and conditions within seasons, enabled me to evaluate 
the relative quality of aerial survey biomass estimates between years. Survey years 1990 and 1992 
had the best relative values since 1990 and were used again this year, along with the 1999 survey 
results, to represent the observed aerial survey biomass component of the model. 



Annually estimating the total run biomass in Karnishak Bay based on aerial surveys is problematic; 
survey conditions are often poor, residency time of fish on the grounds is not precisely known, and 
frequently poor weather often leaves temporal and spatial gaps between surveys. Yuen 
(unpublished manuscript) attempted to overcome some of these factors by developing a migratory 
run timing model to estimate the relative proportion of the run biomass that might be expected to be 
present on the spawning grounds at a given time in the spawning season. This approach was used 
to generate the 1992 aerial survey biomass estimate used in the 1996-1998 forecasts. In 1996 and 
1997, linear interpolation was used to estimate biomass on the grounds during gaps in survey 
coverage and consecutive days totals were summed for the season. This year, consecutive survey's 
totals were summed for the season, but, linear interpolation was not used to estimate biomass on the 
grounds during gaps in survey coverage. We also did not include over 6,000 tons of herring 
observed in McNeil Cove on June 24 because they did not reside in the area more than a few days 
and were not observed spawning. I used a conservative approach to estimate the total spawning 
biomass this year because the herring population is depressed and its recovery could be delayed by 
reopening the commercial fishery prematurely. Appropriate criteria to standardize the estimation of 
total annual biomass for Karnishak Bay herring are still under development. 

Forecasting Methods 

Forecast The forecast of the herring run biomass for 2000 ( B ~ ~ ~ ~  ) was projected from total abundance with 
the survival model (equation 1) modified by the ASA estimated proportion of mature herring 
expected for each age: 

where pa is the proportion mature and available to our surveys at age a from equation (5); wa,2000 is 
the individual fish weight-at-age a estimated for 2000 based on the recent decline in weight-at-age 
(Appendix C); and Na,2000 is the ASA estimate of age-a herring for 2000 from equation (1). The 
model forecasted the 2000 herring abundance for all herring aged 3 and older. Lacking an adequate 
method to predict age-3 year class strength, I used the median ASA estimate of age-3 abundance 
from years 1978-1999 to generate N3,2000 . The median was thought to be more representative of 
recruitment than the mean because of the influence of a small number of large year classes 

Forecast (Appendices A and B). The age composition p,,~ooo, of B2ooo , was estimated using the maturity 

schedule (pa of equation 5) as: 



Parameter Estimation 

Total SSQ. A total sum of squares was computed by adding the sum of squares for each of the 
components (equations 4,6,7): 

where the h's are weights assigned to each sum of squares component. Theoretically, each sum of 
squares component should be scaled to a similar order of magnitude, so each contributes similarly 
to the total SSQ when h's were equal. The h's are then used to assign ad hoc weights to each SSQ 
component reflecting ow  confidence in that component. An inverse variance-weighting scheme 
was not used because the variance of the aerial survey abundance estimator was unknown. Weights 
for the 2000 biomass SSQ were chosen empirically. With the catch and the run age compositions 
weighted equally at either 1.0 or 0.5, the weight given aerial surveys was varied from 0.0001 to 5 to 
examine model sensitivity to aerial survey weighting. 

Mimimizntiom Methods. The ASA model estimated a total of 29 parameters: 25 initial cohort 
sizes, two fishery selectivity function parameters (a and P), and two maturity function parameters 
(q and T). The survival rate parameter (S) was fixed at 0.67. The three SSQ equations referred to 
223 data observations with 194 degrees of freedom and a data to parameter ratio of 
approximately 7.7: 1. 

The Microsoft Excel solver' was used to estimate parameter values that minimized the total 
weighted sums of squares (equation 10). Parameter values manipulated by the solver were all 
scaled to a similar order of magnitude, as recommended by the software manufacturer. The solver 
obtained estimates of the variables in each one-dimensional search using linear extrapolation from a 
tangent vector, central differencing for estimates of partial derivatives, and a quasi-Newton method 
for computing the search direction (Microsoft Corporation 1992). The precision level for 
minimizing the SSQT,,m, was set at 0.00001. Population sizes for all cohorts forecast to return in 
2000 were constrained to be greater than or equal to zero because negative population values were 
unrealistic. 

1 Vendor and product names are provided to document methods and do not represent an endorsement by ADF&G. 



Goodness of Fit 

The goodness of fit for our ASA model was assessed through evaluation of model residuals, similar 
to the techniques in applied regression analysis (Draper and Smith 1981). Model fit was rated 
"good" if the residuals were small relative to alternative models. Ln addition, model residuals 
should be normally distributed with a mean of zero. The functional form of the model was rated 
"good" if the residuals appeared evenly distributed about zero and did not form a trend when plotted 
as a fimction of age, year, year class, or estimated values. For example, to evaluate the catch age 
composition, I graphed residuals for commercial catch age composition against age to see if the 
residuals were distributed about the zero axis. A trend in residuals may have indicated that the 
hctional  structure of the data changed over time or by age and that a time- or age-specific h c t i o n  
was needed. 

Harvest Strategy 

The Kamishak Bay Herring Management Plan (regulation 5 AAC 27.465) stipulates the Kamishak 
Bay sac roe fishery and the Shelikof Strait food and bait fishery, north of the latitude of Miner's 
Point, will both be closed if the biomass forecast for the Karnishak Bay herring run is less than 
8,000 tons. If the projected biomass is more than 8,000 tons but less than 20,000 tons, maximum 
harvest rates will be 9% of the forecast allocated to the spring Kamishak sac roe fishery and 1% to 
the Shelikof Strait fall food and bait fishery for a maximum total exploitation rate of 10%. For a 
forecast of 20,000 to 30,000 tons, the total exploitation rate may increase to a maximum of 15%. If 
the forecast exceeds 30,000 tons, the total exploitation rate may increase to 20%. However, the 
relative allocation between the two fisheries remains the same with 10% of any allowable harvest 
allocated to Shelikof and 90% allocated to Karnishak. In season, the Kamishak Bay sac roe fishery 
is managed to avoid harvesting herring _< age-5 and to maximize economic benefit to the fishing 
industry by targeting fish of the greatest roe quality. Because of the age composition from older to 
younger fish as the spawning season progresses (Yuen 1994; Otis et al. 1998), the fishery targets the 
early portion of the spawnin, "run. 

RESULTS 

Forecast Scenarios 

To generate the 2000 forecast I ran a series of 6-8 weighting trials on each of four ASA model 
scenarios to evaluate different uses of the data available to us (Table 2). Survival was fixed at 0.67 
for all 30 trials, and 1990, 1992 and 1999 were the only aerial survey years contributing estimates 
of total run biomass. Once again, early and late run herring exhibited differences in age 



composition and size (Otis in press). Therefore, I again weighted and pooled our April and May 
age-composition samples to represent OTRAC for all four scenarios. The final parameter estimates 
and maturity curve for the 2000 forecast exhibited trends similar to previous forecasts (Table 3, 
Figure 3). 

The first forecast scenario was very similar to the final forecast for 1999, except that the 1998 
survey biomass was replaced by the 1999 survey biomass of 6,377 tons, a cumulative count of all 
the herring observed by air between April 20 and June 2. This survey biomass estimate excluded 
6,078 tons of herring that were observed on June 24 in and around McNeil Cove. These herring did 
not remain in the district more than a few days and were not observed spawning. Because the 
possibility existed that this biomass was of non-Karnishak origin, and because insufficient age 
composition samples were collected to represent the biomass, I excluded this biomass from 
scenario 1. A weighting of 0.5 was assigned to the 1999 survey biomass observation while the 
1990 and 1992 data were assigned X's of 1.0. Catch and total run A's were held at 1.0 while the 
overall survey biomass h was incrementally increased through 8 trials. Scenario 1 produced 
forecast biomasses in the range of 4,543-7,850 tons (Table 2). 

Scenario 2 was very similar to scenario I, except the 1990 and 1992 survey biomass estimates were 
averaged and set at 22,000 tons each to reduce the model's tendency to set a biomass trend line 
through these two data points, when such a trend was not certain to exist. In the interest of 
evaluating what impact it would have on forecast results, I also increased the 1999 survey biomass 
to 1 1,535 tons. This new estimate included the 6,078 tons of herring seen on June 24, but excluded 
herring schools that observers believed may have been counted more than once on consecutive 
surveys. The individual A's for each survey year were kept the same as in scenario 1, as were the 
catch and total run survey A's. Once again, I incrementally increased the overall survey biomass h 
to evaluate the model's sensitivity to those data. The 8 trials run during scenario 2 resulted in a 
range of forecasts from 4,547-14,577 tons (Table 2). 

In scenario 3, I maintained the same basic foundation as in scenario 2, but reduced the 1999 survey 
biomass estimate to 5,456 tons. This again excluded the 6,078 tons observed in McNeil Cove on 
June 24th, and also excluded any herring schools that observers believed may have been counted 
more than once on consecutive surveys. Individual survey biomass X's and catch and total run A's 
were similar to scenario 2. By incrementally increasing the overall survey biomass h during 8 
trials, I generated forecasts in the range of 4,541-6,673 tons (Table 2). 

After evaluating these results (e.g., goodness of fit, total SSQ, etc.), I decided to use the 1999 
survey biomass estimate from scenario 1. However, I wanted to explore the effect of slightly 
modified survey biomass estimates and h's for the 1990 and 1992 inputs. As a conservative 
approach, I set the 1990 and 1992 survey biomass estimates at 20,000 tons each. I also kept the 
1990-survey biomass lambda at 1 .O but reduced the 1992 lambda to 0.5 to account for the greater 
uncertainty I had in the 1992-survey biomass estimate. Based on scenario 1 results, a survey 
biomass h of 0.05 was preferred, so I varied the catch and total run survey h's to see if I could 



further reduce the total SSQ (weighted). After a series of five trials, I settled on equal weighting of 
the catch and total run h's (h = 0.5). This resulted in a forecast biomass of 7,134 tons. 

Before accepting 7,134 tons as the final 2000 forecast I re-evaluated all of the model inputs and 
formulas. It became apparent that the standard method for estimating the weight-at-age for the year 
ahead might not be the most appropriate for 2000. Normally, forecast weight-at-age was estimated 
as the recent 5-year average. However, 1999 continued a recent trend of declining weights-at-age. 
Therefore, for each age class, I plotted a linear trend line through mean weights from the previous 
five years and projected that line one year ahead (Figure 4). Age-4 herring were the only cohort that 
did not exhibit a prominent trend so I used their recent 5-year average weight. The final run of the 
ASA model, using these new data to represent the 2000 weights-at-age, resulted in a forecast of 
6,330 tons. 

Final Forecast 

A biomass of 6,330 tons (5,742 tomes) of herring is expected to return to the Kamishak Bay 
District in 2000 (Table 4). Depending upon the use of aerial survey biomass estimates and the 
weighting of specific A's used for each trial, model forecasts ranged from 4,541 to 14,574 tons ( 3  = 

7,43 1 tons; Table 2). 

Herring mean weight in 2000 is predicted to be 161 g. The 1993-year class, returning as age-7 
herring in 2000, is forecast to represent 28% of the run biomass and 23% of the total abundance 
(Table 4; Figure 5). The 1994-year class, returning as age-6 herring, is forecast to represent 20% of 
the biomass and 19% of the total abundance of herring in 2000. Almost 82% of the biomass and 
87% of the total abundance of herring forecast to return in 2000 are 5 age-7 (Table 4; Figure 5).  

Goodness offit 

The forecast results from each trial run were used to evaluate model fit to that use of the available 
data. This goodness of fit evaluation, along with the magnitude and relative stability of the total 
SSQ value, were used to select the final forecast. Overall, the model run selected to represent the 
2000 forecast had a good fit to all the data. Pooled residuals of the total run age composition 
(TRAC) exhibited some variability, but were relatively evenly distributed about zero with no 
obvious trend as a function of age (Figure 6). Residuals based on 1999 data were all less than 10% 
of the observed values with the largest residual derived from age-1 1 herring. Age-7 through -10 
herring exhibited small, but consistently positive residuals in 1999, while age- 11 through -1 3-1- fish 
exhibited negative residuals. When considering data among all years, the largest residuals occurred 
for age-3 herring. Overall, ASA estimates of the age compositions of the run biomass agreed 
moderately well with observed compositions, particularly in tracking the annual progression of 
dominant age classes (e.g., 1988 year class; Figure 7). 



Residuals of the purse seine catch age composition, based on 1999 data, were also 510% of the 
observed values. Again, age-11 herring from the 1988 cohort contributed the largest residual. 
Although residuals centered around zero, there again appeared to be a slight tendency for positive 
residuals in age-7 through -10 herring and negative residuals in age-11 through age-13+ herring 
(Figure 6). No strong trend was seen in residuals plotted by age for each year, except in 1992 when 
residuals for herring greater than age9 tended to be negative. Overall, the age composition of the 
purse seine catch estimated from the ASA model agreed well with the observed age. The 1993-year 
class continued to dominate the catch samples in 1999 as age-6 herring (Figure 8). 

Run biomass estimates obtained from the ASA model were consistently less than the aerial surveys 
used as auxiliary data, which led to positive residuals of up to 25% of the observed values (Figure 
9). The poorest fit was for 1992 survey data; the 1999 survey data fit best. 

Projected Harvest 

Because the forecasted biomass is less than the 8,000-ton threshold and the population contains a 
large component of recruit class fish, the Kamishak sac roe fishery will not be opened in 2000. 
According to the Kamishak District Herring Management Plan [Regulation 5 AAC 27.465.e.41, the 
Shelikof Strait food and bait fishery north of the latitude of Miners Point must also be dosed. 

DISCUSSION 

The forecast variability I observed within and between model scenarios illustrates the model's 
sensitivity to the use of individual weighting schedules and data sets respectively (Table 2). This 
sensitivity illuminates the need to keep weighting schedules within their ranges of relative stability 
and to use available data in the most appropriate manner (i.e., goodness of fit). For instance, during 
many previous forecasts, only early-season samples (testfish and commercial fishery) were 
available to represent OTRAC in the model. Because a temporal shift in age composition 
frequently occurs around early-May (Otis et al. 1998), OTRAC's comprised solely of early-season 
samples tended to under-represent the contribution of age-3 and age-4 fish. Accordingly, I 
reinstituted late-season sampling with the addition of an annually chartered test-fishing vessel 
beginning in 1996. Including these surveys better represents the overall age composition and 
improves our assessment of the relative strength of incoming recruits. 

My final choice of a weighting schedule was based on an evaluation of the influence that individual 
h values had on the forecast and the scaled total SSQ. Generally, each increase in aerial survey h 
resulted in an increase in the scaled total SSQ (Table 2). The preferred aerial survey h occurred at a 
level just prior to the point where incremental aerial survey h increases resulted in proportionally 
greater increases in the scaled total SSQ. I concluded that beyond this point of inflection, the model 



was overly sensitive to increased aerial survey A's. Using this criterion, I selected an aerial survey h 
of 0.05. 1 used similar techques to determine appropriate X's for catch and total-run age 
composition data, leading to h values of 0.5 for each. These final h values resulted in a scaled total 
SSQ of 0.3806 (Table 2). Of the 30 model trials I ran this year to evaluate sensitivity to various 
data sets and X's, 0.3806 was the lowest scaled total SSQ. 

While the catch and total run age composition residuals generally indicated a good model fit with 
the observed data, some minor trends stood out. For instance, when considering data among years, 
the largest residuals frequently occurred for age-3 herring. This trend is readily explained by the 
fact that herring first begin to recruit to our assessment program at this age. Thus, the model has no 
previous information on this cohort to base its abundance estimate on. Instead, age-3 cohort 
abundance for 2000 was forecast as the median of model hindcast age-3 abundances. Because there 
is considerable natural variability in the recruitment success of herring (Figure lo), there is often 
disparity between the model's estimates and our initial observation of the abundance of age-3 
herring when they first appear in our assessment. While this disparity leads to consistently high 
residuals for forecasts of this one age group, these residuals are quickly brought back in line for 
succeeding age groups by the model's ability to increasingly track the annual abundance of herring 
as they recruit more fully to our assessment. 

In 1992, all age groups greater than age-4 exhibited negative catch age composition residuals 
(Figure 6). The very large 1988-year class first appearing in force as age-4 herring in 1992 likely 
caused this distinctive trend. Their tremendous abundance effectively reduced the relative 
abundance of the other age classes leading to their negative residuals. To some extent, the effect 
this very large year class had on the model appears to have persisted. While it is now apparent that 
few herring from this cohort persist today, the model continued to expect a relatively abundant 
return of age-11 fish in 1999, as evidenced by a relatively large negative residual observed for age- 
11 herring in 1999. This relatively large negative residual may suggest that: 1) the natural mortality 
rate for this cohort was greater over the years than was estimated by the model's fixed rate of 0.4; or 
2) this cohort's removal from the population through fishing was not accurately represented by our 
catch-at-age data, either due to aging error or because Kodiak foodbait harvests were greater than I 
expected. Herring age 7 through 10 exhibited small, but consistently positive residuals in 1999, 
while those age-1 l and older exhibited negative residuals. However, this trend was minor and did 
not appear to be consistent across years. 

It is more difficult to explain the trend for positive residuals associated with survey biomass 
estimates. The model hindcast estimates of herring biomass were consistently less than aerial 
surveyor's observations for the three years that survey biomass estimates were used as auxiliary 
data in the model (Figure 9). The greatest residuals occurred for the 1990 and 1992 survey biomass 
estimates and the least was for the 1999 estimate. It is difficult to accept that aerial survey biomass 
estimates were 20-25% higher than the actual biomass in 1990 and 1992, as the model suggests. 
For the 2000 forecast I used relatively conservative biomass estimates for 1990 and 1992 (20,000 
tons). Aerial surveyors observed cumulative totals of 30,258 and 2 1,874 tons of herring in 1990 and 
1992 respectively. When considering only the peak counts from successive spawning waves, 



17,823 tons of herring were observed in 1990 and 1 1,394 tons were observed in 1992. However, it 
is extremely unlikely that aerial surveyors observed all available herring, particularly in 1992 when 
long (1 7 and 9 days) temporal gaps occurred in survey coverage due to poor weather. The observed 
biomass from 1992 is essentially just for the first spawning wave because aerial surveys were so 
ineffective the rest of the year. 

However, even when survey coverage and conditions were very good, not all herring were observed 
by aerial surveyors. For instance, on April 22, 1990, under very good conditions, aerial surveyors 
observed 1,120 tons of herring. However, the commercial fleet harvested 1,437 tons in four hours 
of fishing soon after the survey was completed. Likewise, on April 24, 1992, under excellent 
conditions, aerial surveyors observed 1,438 tons of herring and the fleet harvested 2,28 1 tons in just 
60 minutes of fishing. Similar examples abound in the historical database. The largest disparity 
between aerial surveyor's observations and a commercial harvest on the same date occurred on 24 
April, 1996. Despite fair conditions, aerial surveyors were only able to document 657 tons of 
herring, while the fleet harvested 2,984 tons in just 30 minutes of fishing. 

It is apparent from these examples that aerial survey does not provide a consistently accurate 
measure of herring abundance in Kamishak Bay. Poor survey conditions and temporal gaps in 
survey coverage exacerbate the problem. Unfortunately, most other accepted means for estimating 
population size (e.g., egg deposition surveys, compact airborne spectrographic imaging of hening 
schools) are also ill suited to Kamishak Bay (Otis et al. 1998). Techniques to reliably quanti@ 
herring biomass using hydroacoustics are under development in Prince William Sound. Once 
established, these techniques may be applicable to Kamishak Bay herring. However, some 
distinctions exist between the two areas that may hinder the transferability of this assessment tool. 
Kamishak Bay is very shallow and strewn with reefs that make navigation and hydroacoustic 
surveys problematic. Also, herring do not reside year round in Karnishak Bay, as they do in Prince 
William Sound. Thus, Kamishak Bay herring are only available to our assessment program for 6-8 
weeks a year. Furthermore, individual schools of fish may only be present on the grounds for a few 
days before spawning and leaving the area. These factors would likely hinder hydroacoustic 
assessments in much the same way they have hindered aerial assessments. 

The ASA model hindcasted previous year's biomasses based on the current year's inputs and by 
minimizing the total sums of squares. The resulting trend suggests that the herring biomass in 
Karnishak Bay peaked in 1985 following successive strong year classes combined with a 5-year 
fishery closure, then decreased steadily until 199 1 when the very large 1988 cohort first recruited to 
the fishery as age-3 fish. The biomass then rose slightly until 1993 when it began declining again. 
This most recent decline stabilized in 1997 and the biomass now appears to be slowly rebuilding 
(Figure 9). 

This recent upturn may be related more to the lack of a significant harvest in the past 2 years than to 
a new strong cohort arriving on the scene. While age-5 and 4 herring were strong relative to the 
other age classes in 1999, their cohort abundances did not approach the 1988-year class strength 
(Figure 10). However, the past decade of relatively weak year classes may be over. Aerial 
surveyors observed over 6,000 tons of herring in and around McNeil Cove on June 24, 1999. This 



biomass showed up 3-4 weeks after the spawning season typically ends in Karnishak Bay. Though 
the fish were not observed to spawn, local pilots frrst observed this large biomass two days prior to 
our aerial survey. Salmon seiners in the area managed to capture a small number of these herring 
and reported they all were similar in size, around 130-150 rnm. Fish of this size are generally age 2. 
This anecdotal observation corroborates information I received from federal researchers performing 
small mesh trawl surveys in Lower Cook Inlet. Alisa Abookire reported frequent and abundant 
captures of age-1 herring in 1998 (USGS-BRD-Anchorage, pers. cornrn.). These observations 
suggest that 1997 may have produced the first significant year class of herring in Lower Cook Inlet 
since 1988. If so, I will be better able to evaluate year class strength in 2000 when this cohort 
begins recruiting to our assessment program as age-3 fish. 
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Table I .  Summary of aerial surveys to assess herring in the Kamishak Bay District during 1985 to 1999. 

Longest Period Without Survey Coverage Overall Survey Estimate 
Harvest Months Number of Unsurveyed Survey Biomass Estimate 

Year Surveyed Days Dates Conditionsa (tons) Derivation 

April - May 
April - May 
April - May 
April - June 
April - May 
April - June 
April - June 
Aprii - June 
April - June 
April - June 
April - June 
April - June 
April-June 
April-May 
April-June 

Fair 
Fair 

Good 
Good 
Good 
2.1 
3 -2 
8.9 
2.5 
3.1 
2.3 
2.4 

Observation 
Observation 
Observation 
Observation 
Observation 
Observation 
Observation 
Run Timing 
Run Timing 
Interpolation 

Interpolation 

Observation 

" A  quantitative method for documenting survey conditions was adopted in 1990. The data reported here is the mean survey condition from all surveys flown that year. 
Criteria for quantifying survey conditions are: I =  Excellent (calm, no glare); 2= Good (light ripple, uneven lighting, easy to spot schools); 3= Fair (light chop, some 

glare or shadows, relatively easy to spot schools); 4= Poor (rough seas, strong glare, difficult to spot schools); 5= Unsatisfactory. 



Table 2. Index of ASA model runs used to evaluate model sensitivity to the various options for weighting data inputs. 

Scenario Run # OTRAC 

I all (pooled) 

2 all (pooled) 
3 all (pooled) 

I 4 all (pooled) 
5 all (pooled) 
6 all (pooled) 
7 all (pooled) 
8 all (pooled) 
9 all (pooled) 

10 all (pooled) 
I 1 all (poolcd) 

2 12 all (pooled) 
13 all (pooled) 
14 all (pooled) 
15 all (pooled) 
16 all (pooled) 
17 all (pooled) 

18 all (pooled) 
19 all (pooled) 

3 20 all (pooled) 
2 1 all (pooled) 
22 all (pooled) 
23 all (pooled) 
24 all (pooled) 
25 all (pooled) 

26 all (pooled) 
4 27 all (pooled) 

28 all (pooled) 
29 all (pooled) 
30 all (pooled) 

Lambda Values 
Catch Survey Total 

Run 

1 0.0001 1 

Aerial Survey 
Year (tons) lambda 

same as preceding 
same as preceding 
same as preceding 
same as preceding 
same as preceding 
same as preceding 
same as preceding 

1990 (22,000) l .O; 1992 (22,000) 1.0; 
1999 (1 1,535) 0.5 
same as preceding 
s;inie as preceding 
same as preceding 
same as preceding 
same as preceding 
same as preceding 
same as preceding 

1990 (22,000) 1 .O; 1992 (22,000) 1.0; 
1999 (5,456) 0.5 

same as preceding 
same as preceding 
same as preceding 
same as preceding 
same as preceding 
same as preceding 
same as preceding 

1990 (20,000) l .O; 1992 (20,000) 0.5; 
1999 (6,377) 0.5 

same as preceding 
same as preceding 

Total SSQ 
(weighted) 

0.7458 

0.7464 
0.7516 
0.7658 
0.7756 
0.8071 
0.8277 
0.8871 
0.7459 

0.7469 
0.7554 
0.7709 
0.7759 
0.7848 
0.7877 
0.7944 
0.7458 

0.7463 
0.7508 
0.7633 
0.7719 
0.7924 
0.7998 
0.8152 
0.7566 

0.4946 
0.6254 
0.4396 
0.3806 
0.3806 

Forecast 
(tons) Comments 

4,543 ~ i r n i l a r  setup to 99's final forecast, but with 

7,808 
4,547 Same basic setup as trial 1 but with slightly modified 

4,595 
5,101 
6,677 
7,451 
7,850 
7,766 

4,645 survey biomass estimates. Made the 92 
5,744 and 94 cstimo~cs the snnie (22,000) and made 
11,566 the 99 estimate 11,535, wh~ch  includes the 6000 
13,875 tons observed in McNeil Cove on June 24 
14,577 
14,408 
14,078 
4,541 Samc basic setup as trial 3, but mod~fied 

updated survey biomass estimates (cut the 
98 estimate and used 6,377 tons for 99). 

4,583 the 99 estimate to 5,456 tons, thereby 
4,957 excluding the anomalous late season 
5,978 biomass observed on June 24, as well as 
6,439 any schools that may have been counted 
6,673 the day before. 
6,6 19 

7,697 adjusted catch and total run lambda 
7,134 adjusted catch and total run lanlbda 
6,330 ladjusted 2000 weight-at-age data 
14,577 Maximum limcast biomass 

same as preceding 
same as preceding 
s m c  as prccetling 

Maxirnun~ 'I'olal SSC): 0.887 1 
Minimum Total SSQ. 0.3806 

Average Total SSQ: 0.7244 
4,541 Minimum forecast biomass 
7,43 1 Average forecast biomass 



Table 3. Final parameter estimates from the ASA model for the 1999 and the 2000 
forecasts of herring returning to Kamishak Bay, Alaska. 

Estimated Parameter Value 
Parameter 1999 Forecasta 2000   ore cast^ Remarks 

S 0.67 0.67 Estimated in 1996, fixed in 1997, Equation 1 
I3 1.426 1.386 Fishery selectivity steepness parameter, Eq. 3 
a 5.206 5.193 Age of 50% fishery selectivity, Equation 3 
(P 1.131 1.179 Maturity curve parameter, Equation 5 
T 5.048 4.943 Age at 50% maturity 

127.16 
3 1.26 
2.81 
0.17 

150.37 
236.98 
128.86 
137.73 
94.98 

1 15.73 
22.66 

114.01 
160.4 1 
41.35 
32.04 
47.10 

183 .OO 
27.0 1 
20.63 
12.30 
24.14 
52.72 
3 1.87 
18.36 
49.37 Calculated as a median for the 1999 forecast. 

2000 age-3 5 1 .04 Calculated as a median for the 2000 forecast. 
" From Otis, unpublished data. 

Represents initial parameter values for the 2001 forecast. 



Table 4. Forecast age compositions of herring run abundance and harvest biomass for the Kamishak Bay District in 2000. 

2000 Forecast 2000 Projected Harvest 

Total Run Age Allowable Age 
Abundance Composition Mean Biomass Harvest Harvest Composition 

Age (million fish) (by number) Weight (g) (tons) Rate (tons) (by Weight) 

13+ 0.07 0.20% 270 22 0.0 0 0.0% 
Totals 38.09 100.00% 161 6,330 0 0.0% 
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Figure 1 .  Commercial herring fishing areas in Karnishak Bay District, Alaska. 
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Figure 2. Conceptual model of the annual cycle of events affecting the Karnishak herring 
population. 
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Figure 3. Maturity (A) and fishery selectivity (B) curves estimated by the ASA model for the Kamishak 
Bay hemng run. 



Figure 4. Linear trend line plotted through the recent weight-at-age trend for Karnishak herring; 
a one-year-ahead projection of the line was used to estimate the 2000 weights-at-age. 



sB % by abundance 
El % by weight 

3 4 5 .6 7 8 9 10 11 12 13t  

Age Class 

Figure 5. Karnishak Bay District herring age composition as a percentage of the total abundance and 
of herring forecasted to return in 2000. 



A. Total run age composition residuals (transformed) 

B. Catch age composition residuals (transformed) 

Figure 6. Residual differences between transformed estimated and observed age composition values for the (A) total run 
biomass and the (B) commercial catch of Kamishak Bay herring returns during 1985 to 1999. 



Figure 7. Total run age composition as estimated by the ASA model (black bars) and observed 
by sampling (white bars)for Kamishak Bay herring during 1985- 1999 (sampling did 
not occur in 1985, 1991, or 1993). 
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Figure 8. Commercial catch age composition estimated by the ASA model for Kamishak Bay herring 
during 1985- 1999. 



Figure 

t ASA Model Estimates 
Aerial Survey Estimates 

9. Karnishak Bay herring biomass estimated by the ASA inodel for 1975-2000 and observed by aerial surveys during 
1985-1999. The larger aerial survey data labels with estimates shown next lo them were used as auxiliary scaling 
infomatioi~ in the ASA model. The last ASA model estimate is thc 2000 forecast. 
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Figure 10. Kamishak Bay District herring catch and estimated escapement from 1978- 1999 and as forecast 
for 2000 (A), and (B), the relative brood year strength for Kamishak Bay herring age classes from 
1975-1996, scaled to the 1977 year class, the largest since our assessment began. 



Appendix A. Kamishak Bay District herring catch by age and harvest year during 1978 to 1999. 

Age Glass Abundance (X 1,000 fish) - 

3 4 5 6 7 8 9 10 11 12 13+ Total 
Year 

Fishery Closed 1980-84 



Appendix B. Observed age composition of the herring run biomass in the Karnishak Bay District during harvest years 1986 to 1999. 

Age Class 
3 4 5 6 7 8 9 10 11 12 13+ 

Year Percent of the Total Run Biomass for the Return Year 

I These data were used in the ASA model to forecast the 2000 return; late season samples were not available to represent the total return 
from the other year 



Appendix C. Kamishak Bay District herring mean weight by age and year of harvest during 1978 
to 1999. 

- -- 

Year Mean Weight (grams) 

a Mean weights for 1980, 1982, and 1984 were calculated as averages across available values from 
1979 to 1985. 

b Due to the recent trend of reduced weights, linear regression was used to predict mean weights-at- 
age in 2000. 



Appendix D. Kamishak Bay herring run biomass estimates used to 'tune' ASA model. 

Year Estimated Run Biomass (tons) 
1990 20,000 

Appendix E. Data files used to forecast the herring biomass returning to Kamishak Bay in 1998. 

biomass estimates, and maturity and fishery selectivity curves used by the ASA 
model to forecast the 1997 return of herring to Kamishak Bay. Also includes a 
table summarizing pertinent data to go into the annual management and forecast 
reports; documents data sources and procedures. 

ASAINDEX.XLS Excel 97 Spreadsheet indexing all ASA model runs used to evaluate the sensitivity of the 



Appendix 17. Find ASA Model spxadchccl for lhc 2000 Kamirhak Bay Dislrict hening retun? 
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The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 




